Objective: To study the effect of addition of Metanx on burning parasthesias in patients with symptomatic diabetic neuropathy who had obtained only partial symptom resolution with pregabalin. Research design and methods: This was an open-label pilot study. There were 16 patients (7 males, 9 females) in the study group and 8 patients (3 males, 5 females) in the control group. A patient numeric rating scale (0 -10) of neuropathy associated pain was obtained at baseline and at 20 weeks. The control group continued on a fixed dosage of pregabalin without additional medication, while the study group was supplemented with Metanx (a proprietary blend of bioactive B-vitamins), in addition to being continued on a fixed dosage of pregabalin. Results: After 20 weeks, patients in the study group experienced greater pain relief compared to the control group, (87.5% vs. 25% respectively, p = 0.005). The average pain score reduction after 20 weeks in the study group was 3 compared to 0.25 in the control group (p < 0.001). Conclusion: Our study suggested that addition of Metanx may be used for the relief of pain in patients that have obtained only partial resolution of symptomatology from pregabalin.
INTRODUCTION
Diabetic peripheral neuropathy is a complication frequently seen in patients with type 2 diabetes mellitus (DM) [1] . The prevalence of painful peripheral diabetic neuropathy has been reported as 10% -20%, with these subjects requiring treatment for painful symptoms [2] .
Pregabalin, an alpha 2-delta ligand with analgesic properties, is a frequently used medication which relieves the symptoms of painful diabetic neuropathy. Responders to pregabalin for the management of painful diabetic peripheral neuropathy, defined as greater than 50% resolution of pain, represent about 48% of those taking the medication at a 100 mg three times daily dosage [3] . Although a variety of analgesics, antiepileptic and antidepressant medications are available for the treatment of painful diabetic neuropathy, many patients suffering from pain and sleep disturbance achieve only 30% -50% relief of symptoms using a single medication [4] . Increasing the dosage of pregabalin beyond 300 mg/day is associated with a 70% improvement in symptom reduction but is associated with an increased incidence of side effects such as dizziness, edema, and somnolence [3, 5] . Improvement in the painful symptoms associated with diabetic peripheral neuropathy has also been reported with the use of methylcobalamin [6, 7] , benfotiamine [6, 8] , and Metanx [8, 9] . Unlike commonly used agents such as pregabalin which are palliative in action, preparations such as L-methylfolate, methylcobalamin or benfotiamine may have a neurotrophic effect on peripheral nerve health and function directly [6, 10, 11] . The purpose of this pilot study was to test the hypothesis that the addition of a neurotrophic agent containing L-methylfolate 3 mg, methylcobalamin 2 mg, and pyridoxal 5-phosphate 35 mg would increase pain relief when given to subjects using pregabalin for the treatment of painful diabetic peripheral neuropathy. gabalin alone in "partial responders" to pregabalin for painful diabetic peripheral neuropathy. A "partial responder" was defined as an individual receiving pregabalin for longer than 4 months with only partial resolution of burning parasthesias of the feet. All study patients had been previously diagnosed with burning parasthesias of the feet secondary to diabetes mellitus, and the diagnosis of diabetic neuropathy was made by history and physical examination. Eligible "partial responders" to pregabalin for the management of symptomatic burning paresthesias were enrolled in the study from an outpatient clinic. Patients participating in the study did not receive any other analgesic preparations. During the study period of 20 weeks, if there was any change in medication regimen, the patients were excluded from the study. In the study group, patients were placed on Metanx two tablets daily in addition to their pregabalin. The control group consisted of 8 "partial responders" who continued on pregabalin only, without any change in the dose of pregabalin during the study period. A patient numeric rating scale (0 -10) was used to assess and document neuropathic pain from each participant at the beginning of the study (0 weeks) and then again 20 weeks after the patients had been in the study. A rating of 0 indicated no disturbing paresthesias of the feet, and a rating of 10 indicated severe, excruciating burning pain. The primary outcome was the difference between pre-and post-study pain score (numeric rating scale), which represented the severity of neuropathic pain. The proportion of subjects whose pain scores were reduced in each group at the end of the study was compared as well.
Statistical Analysis
For a continuous target variable, a two-sample t-test was used. For a categorical target variable, Fisher's exact test was used. Type I error rate was set as 0.05 for this study.
Statistical analyses were performed using software SAS 9.1.
RESULTS
Initially, there were 23 patients in the study group; however, 7 of these patients were withdrawn due to changes in medications. Sixteen patients in the study arm and eight patients in the control arm completed the 20 week trial. None of the patients withdrew from the study due to adverse reaction or intolerability. There were no significant differences at baseline between the two groups in pain score, weight, symptom duration, or hemoglobin A1C ( Table 1) . There was no significant difference in the dose of pregabalin that patients in both the groups were taking (Fisher's exact test, P = 0.25). Patients taking pregabalin 100 mg three times a day orally represented 62.5% and 62.5% of the patients in the study group and the control group, respectively. Patients on pregabalin 75 mg three times a day orally were 12.5% and 37.5% in the study group and the control group, respectively. Finally, 25% of the patients in the study group were on pregabalin 75 mg twice a day orally, while none of the patients in the control group were on this daily dose. Of the 16 patients in the study group, 14 (87.5%) reported resolution of burning paresthesias, whereas only 2 (25%) patients reported a decrease in symptoms in the control cohort [Fisher's exact test P = 0.005]. In the study group, the mean pain score at baseline was 3.94, and in the control group, the mean baseline pain score was 3.63. After the 20-week study period, patients in the study group had a mean pain score of 0.94 whereas the patients in the control group had a mean score of 3.38. The average absolute pain reduction after 20 weeks in the study group was 3.0 compared to 0.25 in the control group, (two sample t-test, p < 0.001. Figure  1 ).
DISCUSSION
The treatment of symptomatic painful diabetic peripheral neuropathy begins with the optimization of glycemic control [12] . Palliative therapy frequently used for symptomatic control include antiepileptic medications [13, 14] , tricyclic antidepressants [15, 16] , selective serotonin norepinephrine reuptake inhibitors [17, 18] , and opioid analgesics [19, 20] . Complimentary to adequate glycemic control and analgesic management of painful symptoms, therapy directed at targeting reversal of potential etiologic factors, or neurotrophic therapy, may provide additional relief. The use of the antioxidant alpha lipoic acid has been demonstrated to be effective in reducing symptoms such as stabbing and burning pain, and paresthesias of diabetic neuropathy [21] . Some other compounds that provide relief of symptomatic diabetic neuropathy without the potential side effects are acetyl-L-carnitine, me- thylcobalamin, L-methylfolate, and pyridoxine [10] . Methylcobalamin, the neurologically active form of B12, has similarly been employed for the treatment of peripheral neuropathy both as monotherapy and more effectively in combination with other B vitamins [11] . The importance of deficiencies of micronutrients such as folate, B6, B12, and thiamine has been suggested in diabetic neuropathy [22] . Our study results were consistent with a previously published report [23] suggesting that while pregabalin is effective in reducing the frequency and intensity of symptoms associated with diabetic peripheral neuropathy, 50% of patients utilizing pregabalin continue to experience symptomatology. In the present study, the addition of Metanx to pregabalin improved the painful symptoms of patients in the study group. The effects of Metanx in relief of neuropathic symptoms in the patient with diabetes mellitus may be related to the ability of these agents to lower homocysteine levels and elevate nitric oxide levels. The significance of elevated homocysteine levels in the patient with diabetic neuropathy has been described [24, 25] . Because homocysteine is cleared by the kidneys, decreased renal function in patients with diabetes could account for some observed increase in homocysteine levels in such patients [26, 27] with resultant peripheral neuropathy. The relationship of total homocysteine and B vitamins, and the ability of B vitamins to reduce homocysteine levels has been elucidated [28, 29] . In addition, Metformin-related B12 deficiency with resultant increased severity of symptomatic diabetic neuropathy has been described [30] . The ability of methylcobalamin to protect against glutamate induced neurotoxicity in vitro [31] , enhance myelin node genesis and nerve regeneration [32] , and to reduce symptoms of diabetic neuropathy [7] has been demonstrated in previous studies. The property of folate to effectively metabolize elevated homocysteine levels has also similarly been described [33] . The ability of L-methylfolate to improve nitric oxide synthesis and endothelial function in patients with diabetes may also contribute to symptomatic relief by improvement of endoneurial blood flow [34] . The combination of methylcobalamin and folic acid has been described for the treatment of neuropathy [35] . Finally, pyridoxine deficiency has also been implicated in symptomatic diabetic neuropathy [36] . Our findings are consistent with previously published studies suggesting that patients may receive substantial but only partial relief of symptoms of painful diabetic neuropathy with medications such as pregabalin [3, 4, 23] . The addition of Metanx provides an additional approach to the management of diabetic neuropathy, acting synergistically with palliative agents such as pregabalin, duloxetine, or amitriptyline. Our study results are limited by the small sample size and non-randomized, open-label design. The agents traditionally utilized in the treatment of painful diabetic neuropathy address resolution of symptoms. From our study results, we can speculate that an agent such as Metanx may act in a neurotrophic manner, lowering homocysteine levels, thereby raising neural tissue nitric oxide levels, and improving nerve function and health.
CONCLUSION
The addition of Metanx, twice daily, reduces the symptoms of diabetic peripheral neuropathy in partial responders to pregabalin. No increased incidence of adverse drug reaction was noted in our study population. Our open-labeled pilot study suggests that the combination of these two agents provides a multimodal approach to the management of diabetic neuropathy, providing the patient with both analgesic and as well as neurotrophic
